Background--The impact of acute stent malapposition (ASM) on long-term clinical outcomes in patients undergoing percutaneous coronary intervention is still controversial. We sought to evaluate predictors and long-term clinical outcomes of ASM.
ADAPT-DES (Assessment of Dual Antiplatelet Therapy
With Drug-Eluting Stents) was a large-scale, prospective, multicenter study designed to assess the relationship between platelet reactivity and other clinical and procedural variables versus subsequent stent thrombosis and adverse clinical events in patients successfully treated (ie, no major periprocedural complications) with DES. 9 In a prespecified, prospective intravascular ultrasound (IVUS) substudy, culprit lesions were evaluated and treated using IVUS-guided PCI. 10 The aims of this substudy using the IVUS data from ADAPT-DES were to (1) determine the prevalence of IVUSdetected ASM in the current DES era after IVUS-guided PCI; (2) evaluate the morphological features of ASM; (3) determine the predictors for ASM; and (4) clarify outcomes related to IVUS-detected ASM, in particular the impact of ASM on stent thrombosis after IVUS-guided PCI.
Methods Patient Selection and Imaging
The design, major inclusion and exclusion criteria, end points, and definitions from the ADAPT-DES study have been previously described in detail. 9, 10 In brief, ADAPT-DES was a prospective, multicenter, observational study of consecutive patients who were treated successfully with 1 or more US Food and Drug Administration-or CE mark-approved DES regardless of patient or lesion complexity. Among 2179 patients enrolled in a prespecified IVUS substudy, 2072 patients with analyzable post-PCI IVUS were included in the current analysis. 10 In the present analysis, major adverse cardiac events (MACE) included cardiac death, myocardial infarction (MI), and stent thrombosis, as defined previously by the Academic Research Consortium and as adjudicated by an independent clinical events committee. [9] [10] [11] Clinically driven target lesion revascularization (TLR) was site reported, but not centrally adjudicated. Angiograms were evaluated visually by operators at the time of the procedure using conventional definitions. 12 Angiographic findings included thrombus, calcification, in-stent restenosis, lesion location and length, reference vessel diameter, pre-and post-PCI lesion diameter stenosis, and Thrombolysis In Myocardial Infarction flow grade. 13 Thrombus was defined as a discrete intraluminal filling defect with defined borders, largely separated from the adjacent wall and with or without contrast staining. Calcium was defined as readily visible densities noted within the apparent vascular wall at the site of the stenosis. Angiographic in-stent restenosis was defined as percentage diameter stenosis >50%. Clinical follow-up was done at 2 years. The study was approved by the institutional review board at each participating center; written informed consent was obtained from all patients.
IVUS Image Acquisition and Analysis
Poststenting IVUS was performed using a synthetic aperture array, 20 MHz, 3.2Fr catheter (Eagle Eye; Volcano Corporation, Rancho Cordova, CA) after intracoronary nitroglycerin. The ultrasound catheter was advanced >10 mm beyond the stent into the distal vessel, and the transducer was withdrawn at a pullback speed of 0.5 mm/s to a point >10 mm proximal to the stent. All IVUS studies were archived onto DVD and sent to the IVUS core laboratory (Cardiovascular Research Foundation, New York, NY) for offline quantitative and qualitative analyses by individuals blinded to treatment and clinical outcomes. Quantitative IVUS analyses were performed with validated planimetry software (echoPlaque; INDEC Systems, Inc, Mountain View, CA).
IVUS measurements were performed millimeter by millimeter beginning 5 mm distal to the distal stent edge and continuing through the stent to a point 5 mm proximal to the proximal stent edge and included the external elastic membrane, lumen, plaque+media (external elastic membrane minus lumen), stent area, and plaque burden (plaque+media area divided by external elastic membrane area). Volumes were calculated using Simpson's rule and reported as normalized volumes (volume divided by analysis length).
A culprit lesion was defined as the lesion that was stented. The slices with the minimum lumen area and minimum stent area within the stented lesion segment were identified and assessed. Proximal and distal 5-mm-long segments from each stent edge but before a significant (>1.5 mm in diameter) side branch were defined as the reference segments. Attenuated plaque behind the stent was defined as plaque with >30°u ltrasonic attenuation (attenuation of deeper arterial structures) despite the absence of bright calcium behind stent struts. 14, 15 Calcified plaque was defined as hyperechoic plaque with acoustic shadowing. ASM was defined as at least 1 stent strut that was clearly (stent struts and adjacent intima seen as distinct entities) separated from the vessel wall with evidence of blood speckle behind the strut but not overlapping a side branch. The location, length, maximum angle, and maximum number of struts per slice in the malapposed segment were recorded. Tissue protrusion was defined as plaque and/or thrombus intrusion through the stent struts into the lumen. Stent edge dissection was defined as a visible tear of the intima at the stent edge.
Statistical Analysis
Baseline clinical characteristics were analyzed on a patient level; angiographic and IVUS characteristics were analyzed on a lesion level. Categorical variables were summarized using percentages and counts and were compared using v 2 statistics or Fisher exact test where appropriate. Patientlevel continuous variables were compared using the t test and shown as mean (SD). All lesion-level analyses were modeled with a generalized estimating equation approach to correct for multiple lesions from the same patient and shown as least-squares means with 95% CI. Time-to-event data were summarized as Kaplan-Meier estimates. Time-toevent outcomes were summarized as Kaplan-Meier failure estimates at 2 years and displayed using cumulative incidence curves. Comparisons for patient-level outcomes were performed using the log-rank test. Intra-observer and interobserver variability for the diagnosis of ASM and maximum ASM angle were assessed using Cohen's kappa statistics and intraclass correlation coefficient, respectively. A P-value of <0.05 was considered statistically significant. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Among 2072 
Baseline Clinical Characteristics
Comparisons of baseline clinical characteristics between patients with versus without ASM have been summarized in Table 1 . Patients with ASM were more often men and more frequently had a history of previous MI. Other baseline characteristics such as age, current smoking status, diabetes mellitus, hyperlipidemia, history of renal insufficiency, previous PCI, previous coronary artery bypass graft, presenting clinical syndrome, P2Y12 reaction units, and use of dual antiplatelet therapy including aspirin and a thienopyridine were comparable between the 2 groups.
Angiographic and Procedural Findings
Angiographic and procedural findings are shown in Table 2 . ASM was less prevalent in the lesions with thrombus or instent restenosis. Lesions with ASM were longer and had a smaller stent/lumen ratio compared to lesions without ASM. 
IVUS Findings
Postprocedure IVUS findings are shown in Table 3 . Lesions with ASM were more prevalent in the right coronary artery, had larger in-stent lumen areas, larger stent areas, and larger in-stent vessel areas compared with lesions without ASM. A larger mean plaque area along with more attenuated plaque was observed in lesions with ASM versus lesions without ASM; however, the prevalence of tissue protrusion was comparable between the 2 groups. Compared to lesions without ASM, lesions with ASM had greater proximal and distal reference lumen areas and more distal, but not proximal reference calcium. The prevalence of stent edge dissection was similar between the 2 groups. In a subset with pre-intervention IVUS (n=812 lesions), the maximum superficial calcium angle was larger in the setting of acute malapposition (138 [121, 154] 
Two-Year Clinical Outcomes
Two-year MACE after stent implantation has been summarized in Figure 1 and Table 4 . The incidence of cardiac death; MI; early, late, or very late stent thrombosis; and clinically driven TLR was similar between patients with ASM versus those without ASM. Furthermore, ASM was not an independent predictor of 2-year MACE or TLR, even when ASM was forced into the multivariate model. Figure 2 indicates the relationship between minimum stent area and maximum malapposition area stratified by MACE, stent thrombosis, and TLR. No significant difference was observed for the distribution of maximum malapposition area comparing lesions with versus without events. In fact, the largest areas of ASM were seen in lesions without events.
Discussion
In a previous report from ADAPT-DES, IVUS guidance was associated with a reduction in stent thrombosis, MI, and MACE within 1 year after DES implantation. 10 The current study used the IVUS data from ADAPT-DES to assess the impact of residual ASM on late events. The major findings of the present study were the following.
(1) The overall prevalence of residual IVUS-detected ASM was 14.4% per patient and 12.6% per lesion. (2) Patients with ASM were more often men and more frequently had a history of previous MI. Lesions with ASM had larger in-stent lumen areas, larger stent areas, and larger vessel areas. Lesions with ASM had greater proximal and distal reference lumen areas and more distal but not proximal reference calcium. (3) At 2-year followup, the rate of early, late, or very late stent thrombosis was very low (0.65%) and was similar to that of patients without ASM (0.43%); and the largest areas of ASM were in patients without stent thrombosis.
Prevalence of ASM
In patients with stable angina, the prevalence of IVUSdetected ASM was reported to be 11.5% after paclitaxeleluting stent implantation, 16 17.9% to 25% after sirolimuseluting stent implantation, 7,17 and 12.5% after zotarolimuseluting stent implantation 18 ; however, these data were accumulated primarily in stable patients. 18 Of note, in the current study <20% of patients presented with an ST-segment elevation MI. IVUS may underreport the prevalence of ASM. Studies using optical coherence tomography (OCT) have reported a frequency of ASM that has ranged from 39.1% to 83.7%, [19] [20] [21] [22] suggesting that it is ubiquitous after implantation if more sensitive methods are used to assess its frequency. Any finding seen in the majority of stents is of limited value in predicting adverse events.
In addition and as previously reported, IVUS-detected ASM was typically corrected with additional balloon dilations 10 ; and ADAPT-DES did not contain a blinded IVUS arm in which the findings were hidden from the interventionalists. Therefore, the current prevalence of ASM may be less than in patients treated with angiographic guidance alone.
Predictors for ASM
Previous IVUS studies demonstrated that factors such as thrombus, 1,2 calcification, 7 and larger reference diameters 23 Values are % (n) or least-squares means (95% CI). EEM indicates external elastic membrane.
may be predictors of ASM. Severe diameter stenosis and subsequent differences between the luminal diameter of the most stenotic segment and that of the reference vessel also increase the frequency of ASM. 19 Heavily calcified lesions are prone to ASM, despite high-pressure balloon dilation or rotational atherectomy. 22, 23 In our study, there was a higher prevalence of ASM in the right coronary artery. This may be because of the large size of the right coronary artery, the presence of more calcium, and (in the setting of previous MI) potential residual thrombi. Superficial calcium and the presence of a calcified nodule were also more common in ASM in the subset with pre-intervention IVUS.
Outcomes Related to ASM
Some retrospective studies have related ASM to stent thrombosis, but most of these studies enrolled only patients with stent thrombosis and in small numbers. [24] [25] [26] [27] Conversely, Guo et al 1 reported that 40% of ASM resolved at 13-month follow-up because of negative remodeling; this was similar in Figure 1 . Two-year Kaplan-Meier cumulative incidence curves for adverse cardiac events: stent thrombosis (ST), TLR, and MACE at 2 years. A, Lesions with or without definite/probable stent thrombosis, (B) shows the lesions with or without target lesion revascularization, and (C) shows patients with or without MACE at 2 years. HR indicates hazard ratio; MACE, major adverse cardiac events; TLR, target lesion revascularization. , and (C) shows patients with or without MACE at 2 years. In the comparison of TLR or MACE, the larger minimum stent area was associated with the larger maximum malapposition area. Although there were cases with relatively small minimum stent area with large malapposition areas in patients with events, these cases existed in patients without events as well, and no patient with ASM ≥4 mm 2 had stent thrombosis. There was no significant difference in distribution of malapposition areas comparing stents with vs without events. ASM indicates acute stent malapposition; MACE, major adverse cardiac events; TLR, target lesion revascularization.
paclitaxel-eluting stents and BMS with no deaths or stent thromboses related to the presence of stent malapposition at 1-year follow-up in either group. Im The current study showed similar results. At 2-year followup, the rates of committee-adjudicated stent thrombosis (early, late, very late, and overall) and of site-reported, clinically driven TLR were not significantly increased in patients with residual ASM after IVUS-guided DES implantation. Furthermore, there was no significant difference regarding lesions with the largest areas of ASM comparing those with versus without cardiovascular events; and the largest areas of ASM were in patients who did not have events, especially patients with stent thrombosis (Figure 2) . Finally, cardiac death and MI did not differ between patients with versus without ASM.
Procedural Predictors of Stent Thrombosis
Previous reports showed that stent thrombosis may be associated with stent underexpansion, 28, 29 smaller lumens, and more dissections, 28, 30 but not with ASM 28, 29 or tissue protrusion. 28 In the current study, the final minimum stent area measured 6.3 (6.2-6.3) mm 2 (least-squares means, 95% CI) and was numerically larger in lesions with ASM with few stents meeting standard criteria for underexpansion. Thus, ASM was unrelated to events as long as stents were well expanded.
Limitations
First, this was a cross-sectional analysis; IVUS was not performed at follow-up; therefore, the current study cannot be used to determine the natural history of ASM other than its relationship to clinical events during a 2-year follow-up period. Second, the resolution of the IVUS catheter used was relatively low; the current study may have missed some ASM. Third, TLR was site reported and not adjudicated by an independent clinical events committee. Fourth, as was true of almost all studies of IVUS (or OCT)-detected ASM, operators were not blinded to the images, and large areas of ASM were typically treated using larger postdilation balloons. 10 However, no significant difference was found regarding lesions with the largest areas of ASM comparing those with versus without cardiovascular events; in fact, stents with the largest areas of ASM were in patients who did not have events, especially patients with stent thrombosis ( Figure 2) . Fifth, the current analysis included only patients who were in the IVUS-guided arm of ADAPT-DES. It is highly likely that rates of ASM would be have been higher in the angiographically guided PCI arm. Indeed, much of the ASM observed in this study was small. Thus, the lack of an association between ASM and events may have been related to operator attempts to minimize ASM. Sixth, the present study included only patients who underwent PCI without major periprocedural complications (criteria for inclusion in the overall ADAPT-DES study). Finally, the low event rate makes it difficult to compare patients with versus without ASM (type 2 error).
Conclusions
The present large-scale IVUS substudy from ADAPT-DES showed that IVUS-detected ASM was not associated with adverse clinical events during long-term follow-up including, but not limited to, stent thrombosis.
